Introduction
T-cell prolymphocytic leukemia (T-PLL) is an aggressive neoplasm of mature T-lymphocytes characterized by a rapid clinical course and resistance to conventional chemotherapy. 1, 2 Patients typically present with elevated white blood cell counts, hepatosplenomegaly, generalized lymphadenopathy, anemia, and/or thrombocytopenia as abnormal T cells infiltrate the peripheral blood, bone marrow, lymph nodes, spleen, and occasionally pleural fluid and skin. Previously, few therapeutic options existed for T-PLL patients. However, the recent use of alemtuzumab-based chemotherapy has allowed many patients to achieve complete remissions. Unfortunately, these remissions are typically short-lived, and treatment results in significant therapy-related immune suppression. The prognosis for patients diagnosed with T-PLL remains poor. 3 Rearrangements between the TCL1A/B locus on chromosome 14 4, 5 or its homolog MTCP1 on chromosome X and the T-cell receptor locus on chromosome 14 3, 6, 7 are characteristic of T-PLL. Additionally, the ATM gene located at chromosome 11q23 is frequently deleted or mutated, [8] [9] [10] and trisomies of the long arm of chromosome 8 are often observed. 3 However, the comprehensive mutational spectrum underlying the pathogenesis of T-PLL is unknown. Moreover, murine models have shown that the highly recurrent rearrangements affecting the TCL1A/B or MTCP1 loci are insufficient to recapitulate the aggressive oncogenic properties of human T-PLL. 11, 12 The protracted latency prior to frank leukemic transformation in these models is typically 15 to 20 months, 11, 12 suggesting that additional mutations may be important for disease pathogenesis and progression. 13 To gain better insight into the pathogenesis of T-PLL, we performed comprehensive whole-genome sequencing (WGS) in combination with high-resolution copy-number variant (CNV) analysis and whole-exome sequencing (WES) on primary T-PLL samples. Our goal was to provide for the first time a comprehensive portrait of the genomic landscape of T-PLL and to identify actionable somatic mutations that could contribute to disease pathogenesis for the development of more effective targeted therapies.
Materials and methods

Patients and samples
Criteria for diagnosis of T-PLL were based on the 2008 World Health Organization classification.
14 Clinical samples were obtained with institutional review board approval from the Department of Hematopathology at the University of Texas MD Anderson Cancer Center, the Department of Pathology at the University of Michigan, and the University of Cologne. For a given patient, samples represented either formalin-fixed, paraffin-embedded tissue or cryopreserved peripheral blood or both. Tumor DNA was extracted from cryopreserved peripheral blood CD4-enriched T cells. For assessment of somatic status of Janus kinase (JAK) signal transducer and activator of 
WGS, WES, and Sanger resequencing
WGS of index T-PLL cases was performed by Complete Genomics (Mountain View, CA). Analyses of WGS data were performed using custom-designed bioinformatics tools. 15 WGS yielded a mean of 351 6 13 Gb mapped per sample with 97.4% to 97.8% fully called genome fraction and 97.1% to 97.7% fully called exome fraction. The median genomic sequencing depth exceeded 603 in all samples. WES was performed on the Illumina HiSeq following exome capture using Nimblegen EZCap 3 with paired-end 100 bp reads. The average depth of coverage for exome sequencing was 30.4 6 11.93 with .95% of coding exons sequenced to a depth of 303 or more. After identifying candidate mutations of interest, genomic DNA from tumor and matched constitutional tissue was subjected to bidirectional Sanger resequencing for confirmation or mutation screening. All sequencing reactions were performed using nested sequencing primers. All 77 sequence variants described in this study and listed in Table 1 , including those affecting the JAK-STAT pathway, were confirmed by Sanger resequencing. A total of 66 of the 77 sequence variants were present in patients for whom matched constitutional normal tissue was available and were confirmed to be somatic mutations.
Ploidy analysis
CNVs were detected using comparative genome hybridization on Nimblegen whole-genome arrays containing 270 000 features (Roche Applied Science) sufficient to detect CNVs of $50 kb.
Functional analysis of IL2RG, JAK1, JAK3, and STAT5B mutants IL2RG, JAK1, JAK3, and STAT5B mutants were generated using standard polymerase chain reaction-based site-directed mutagenesis. For STAT5B reporter assays, HeLa cells were transiently transfected along with a reporter construct to link luciferase activity with signal transducer and activator of transcription 5B (STAT5B) expression. Protein lysates were used to determine phosphorylated STAT5 levels by western blotting. Wild-type STAT5B and its mutants were used for cell proliferation and soft-agar colony-formation assays. For detection of phosphorylated signal transducer and activator of transcription 5 (pSTAT5) by immunofluorescence microscopy in primary cells, the same anti-pSTAT5 antibody described above for western blot analysis was used.
Primary-cell and cell-line culture and pimozide treatment Cells were thawed and grown overnight in RPMI cell culture medium followed by treatment with pimozide, 16 a specific signal transducer and activator of transcription 5 (STAT5) inhibitor, at a final concentration of 10 mM. Cells were harvested at different time points, and protein lysates were subjected to western blot analysis. The human T-lineage lymphoma/ leukemia cell lines Jurkat (pSTAT5 negative), HH (pSTAT5 negative), HUT78 (pSTAT5 positive), and SUDHL1 (pSTAT5 positive) were used as controls. Cell proliferation and viability assays were performed as described in supplemental Methods.
Statistical analysis of clinical outcomes
Clinical outcomes data (time to transformation, relapse, or death) were analyzed using standard survival analysis. A complete description of statistical techniques is presented in supplemental Methods.
Results
WGS reveals the genomic complexity of T-PLL and identifies JAK1 mutations
We began by performing WGS of 4 index cases of T-PLL (supplemental Figure 1 ) that fulfilled established diagnostic criteria 14 including characteristic cytologic (supplemental Figure 2A) , immunophenotypic, and karyotypic features. In total, WGS yielded a mean of 351 6 13 Gb mapped reads per sample with 97.4% to 97.8% fully called genome fraction and 97.1% to 97.7% fully called exome fraction. The median genomic sequencing depth exceeded 603 in all samples normalized across the entire genome. As anticipated by clinical karyotyping, confirmatory fluorescence in situ hybridization results (supplemental Figure 2B) , and numerous prior studies, 5,17-19 3 of 4 index cases harbored the characteristic inv (14) alteration involving the TCL1A/B locus (supplemental Figure 2C -E) and the fourth harbored the less common t(X;14) lesion involving the TCL1 analog MTCP1 (supplemental Figure 2F ). Altogether, WGS identified a total of 751 novel structural abnormalities in the 4 index T-PLL genomes. In addition to a focused 9.1-Mb rearrangement in 1 of 4 index genomes consistent with loss of genetic material comprising the ATM locus as anticipated by earlier studies, 20 this analysis also highlighted a novel disruption on chromosome 14q24 in 1 of 4 genomes affecting the NUMB gene, which links Notch pathways with T-cell receptor signaling in T lymphocytes, 21 and loss of 1.0 to 2.0 Mb of genetic material on chromosome 7q36 in 2 of 4 genomes comprising the histone methyltransferase EZH2 gene and genes in the GIMAP family known to influence T-lymphocyte development and function 22 (supplemental 
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In total, WGS analysis revealed 2358 novel sequence variants and small insertion/deletion events affecting protein-coding regions, most of which have not been previously implicated in the pathogenesis of T-PLL. These included a frameshift mutation in the SET domain of EZH2, a novel missense mutation in CREBBP, a p.V1670I mutation in the NODP (number of developmental processes) domain of NOTCH1, and 3 novel missense mutations in ATM in 3 of 4 index genomes. Comprehensive WGS mutation data are provided in supplemental Table 3 . Interestingly, WGS revealed JAK1 mutations in 2 of 4 T-PLL samples (Figure 1A -B; p.V658F 23, 24 and p.S703I 25 ), both of which were confirmed to be somatic by Sanger resequencing ( Figure 1C-D) and, similar to recent findings, 13, 26 represent gain-offunction mutations. The p.V658F identified in JAK1 is analogous to the JAK2 p.V617F mutation characteristic of myeloproliferative neoplasms, and both mutations have been reported in isolated cases of lymphoid neoplasms in the Catalogue of Somatic Mutations in Cancer (COSMIC) database of somatic cancer mutations. Cytokinereceptor/JAK-STAT-mediated cytokine signaling regulates hematopoietic cell ontogeny, and its deregulation has been implicated in the pathogenesis of a number of hematopoietic malignancies. 13, [26] [27] [28] 
CNV analysis confirms abnormalities involving the ATM locus
To more completely define the landscape of large structural alterations in T-PLL, we performed high-resolution CNV analysis using array comparative genome hybridization (aCGH) on an additional 39 T-PLL cases (supplemental Figure 1) . Consistent with several previous reports, [29] [30] [31] [32] aCGH confirmed loss of the 11q23 region in 65.1% of T-PLL samples (28/39; supplemental Figure 3A , arrow) encompassing the ATM locus (supplemental Figure 3B) and isochromosome 8 or large gains of chromosome 8q in 76.9% (30/39) of T-PLL samples (supplemental Figure 3A, arrowhead) . Interestingly, a total of 16 of 39 genomes (41.0%) revealed loss of chromosomal material comprising the EZH2 and GIMAP locus on chromosome 7q36 (supplemental Figure 4 ). Although this locus and genes in the GIMAP family have been shown to be important in the regulation of T-lymphocyte development and survival, 33 ,34 they have not been previously implicated in the pathogenesis of T-PLL. Our CNV analysis suggests that the function of these genes is important in regulation of T-cell proliferation and can be deregulated in malignancy. Additional regions of aneuploidy included frequent alterations of chromosome 22, including loss of 22p and gains of 22q consistent with previous results 29, 31 as well as a striking new deletion on chromosome 7q36, which encompasses the EZH2 locus. Results of the comprehensive CNV analysis can be found in supplemental Table 4 and represent the list of recurrent copy-number alterations in T-PLL.
WES identifies recurrently altered genes including members of the IL2RG-JAK1-JAK3-STAT5B axis in T-PLL Whereas a significant body of literature describing structural alterations including translocations and CNVs affecting T-PLL exists, the mutational landscape of T-PLL remains poorly characterized. To more completely define the landscape of genetic mutations in T-PLL and to confirm the results of our WGS mutational analysis of the 4 index T-PLL cases, we next performed WES on a total of 36 T-PLL cases (supplemental Figure 1 ) paired with constitutional DNA for Sanger resequencing confirmation of somatic status for selected sequence variants (66 mutations; Table 1 ). As anticipated from previous studies, 70.0% (28/40) of T-PLL samples harbored somatic mutations in the tumor suppressor ATM (supplemental Figure 3C -D) predicted to be deleterious to protein function, including frameshift and nonsense mutations as well as missense mutations clustered in the FAT and PI3K domains, similar to earlier reports. 8, 10 Using this approach, we also identified a number of genetic alterations not previously associated with T-PLL (Table 1) , including mutations in CHEK2, a gene encoding a protein kinase activated in response to DNA damage 35 (2/40, 5.0%), and novel mutations in EZH2, a member of the Polycomb group family of transcriptional repressors (5/40, 12.5%) frequently mutated in myeloid 36 and lymphoid 37 malignancy, and FBWX10, a member of the F-box protein family of ubiquitin ligases (3/40, 7.5%). Mutations in these proteins included several deleterious frameshift and nonsense somatic mutations, raising the possibility that ATM, CHEK2, EZH2, and FBW10 might contribute to T-PLL pathogenesis via their roles in DNA repair, epigenetic transcriptional regulation, and proteasomal degradation pathways, respectively. Comprehensive WES data are provided in supplemental Tables 5 and 6. All 77 sequence variants identified by next-generation DNA sequencing and discussed in this paper were confirmed by Sanger resequencing and, in the case of 66 sequence variants where constitutional DNA was available, were confirmed to be somatic (Figures 1C-D and 2A-D, Table 1, and supplemental  Tables 1 and 7) . Strikingly, our WES analysis also identified somatic mutations in IL2RG, JAK1, JAK3, and STAT5B, including recurrent lesions not previously reported in T-PLL (Tables 1 and 2 and Figure 2) . Altogether, WGS, WES, and targeted Sanger resequencing analysis (supplemental Figure 1) identified mutations in JAK1 (4/50, 8.0%) and JAK3 (15/50, 30.0%; Figure 2B -C,E) that were clustered in the autoinhibitory pseudokinase domain and included some variants detected previously in other malignancies or shown to lead to constitutive activation of JAK-STAT signaling 27, 38 41 and p.R657W 40 ). Although recent reports described a similar finding of recurrent mutations in JAK1 and JAK3 in a cohort of T-PLL, 13, 26 our studies further revealed a novel mutation (p.T901R; 1/50, 2.0%; Figure 2B ) in the kinase domain of JAK1. Notably, our analysis also identified for the first time in human cancer a novel mutation in the IL2RG transmembrane domain (p.G268_M270del; 1/50, 2.0%; Figure 2A ) in 1 case of T-PLL. A second somatic mutation outside of the transmembrane domain, IL2RG p.K315E, was also identified in the same sample. Importantly, our WES studies identified high-frequency mutations in STAT5B (18/50, 36.0%) in T-PLL. The mutations clustered in the Src-like homology domain (SH2; p.T628S, p.N642H, p.R659C, and p.Y665H; Figure 2D -E). An additional p.Q706L mutation in STAT5B was also identified in a sample with a JAK1 p.V658F mutation that mediates the interaction between JAK and STAT proteins. Significantly, mutations in STAT5B have never been previously reported in T-PLL. In our cohort, STAT5B mutations actually represented the highest frequency of all JAK-STAT family members (36.0%; Tables 1 and 2 and supplemental Table 1 ). Notably, our WGS and WES studies of 50 cases of T-PLL revealed no evidence of activating STAT3 mutations. In total, 38 out of 50 T-PLL genomes harbored somatic mutations in IL2RG, JAK1, JAK3, or STAT5B (76.0%; Figure 2E ). With one exception (JAK1 p.V658F and STAT5B p.Q706L; see Table 2 ), all cases harbored mutually exclusive mutations in genes comprising the IL2RG-JAK1-JAK3-STAT5B pathway. In the majority of patients with mutations in the JAK-STAT pathway (32/38, 84.2%), matched constitutional normal tissue (eg, CD4
2 leukocytes from peripheral blood) was available to confirm the somatic status of the mutations ( Figure 2 and Table 2 ).
Of the 18 distinct JAK-STAT pathway mutations identified, all but one (JAK3 p.R657W) were confirmed to be somatic (Table 1; 17/18, 94.4%). These data suggest a significant role for mutational activation of the interleukin-2 receptor (IL2R)-JAK1-JAK3-STAT5 axis in T-PLL.
In silico structural modeling of JAK3 and STAT5B mutations
Although the crystal structure of JAK3 has not been solved, the high degree of homology between JAK2 and JAK3 ( Figure 3B ) permitted us to locate in the JAK2 3-dimensional structure the residues analogous to the recurrent JAK3 p.M511I and p.A573V mutations and the adjacent p.K563_C565del mutation. Plotting these residues onto the 3-dimensional structure of JAK2 revealed the close proximity of these residues and suggest a similar gain-of-function mechanism as seen with JAK2 p.V617F mutation. 42 Similarly, the high homology between signal transducer and activator of transcription 5A (STAT5A) and STAT5B ( Figure 3A ) permitted us to localize the STAT5A residues homologous to the mutated STAT5B residues, which revealed the close 3-dimensional proximity of these residues in the SH2 domain of the predicted phosphotyrosine-binding loop.
IL2RG-JAK1-JAK3-STAT5B mutations lead to STAT5 transcriptional hyperactivation
JAK-STAT mutations, including the JAK2 p.V617F mutation, are frequently implicated in the pathogenesis of many cancers and particularly in hematopoietic neoplasia. 27 Several of the JAK-STAT mutations or analogous alterations identified in our study have been functionally characterized to demonstrate constitutive activation of JAK-STAT signaling and oncogenic activity. 40, 41, [43] [44] [45] Accordingly, we sought to investigate the functional effects of representative novel mutations on JAK-STAT5 activation. In this regard, we assessed transcriptional activation of STAT5B using standard luciferase reporter assays by expressing the mutant IL2RG (p.G268_M270del), JAK1 (p.S703I), JAK3 (p.Q507P), and STAT5B (p.T628S) proteins ( Figure 4A ) in the HeLa cell line. In each case, expression of mutant IL2RG, JAK1, JAK3, and STAT5B proteins led to elevated STAT5 transcriptional activation (1.4-to 5.7-fold increase in luciferase activity). In particular, expression of the STAT5B p.T628S and p.N642H mutant proteins led to a dramatic increase in STAT5 transcriptional activation.
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IL2RG-JAK1-JAK3-STAT5B mutations induce constitutive STAT5 hyperphosphorylation and oncogenic transformation
We further assessed pSTAT5 expression by western blot analysis in cells engineered to express the mutant IL2RG, JAK1, JAK3, and STAT5B proteins ( Figure 4B ). This analysis confirmed constitutive hyperphosphorylation of STAT5 in each case (1.6-to 173-fold normalized increase in pSTAT5/STAT5 ratio). Moreover, expression of the novel STAT5B p.T628S mutant protein led to increased cell proliferation and interleukin-3-independent growth in Ba/F3 cells ( Figure 4C ). In addition, STAT5B p.N642H significantly increased colony-forming capacity in the Jurkat T-cell line ( Figure 4D ). Altogether, these data indicate that the IL2RG, JAK1, JAK3, and STAT5B mutations hyperactivate STAT5 signaling, leading to enhanced, cytokine-independent cell proliferation.
Primary T-PLL cells exhibit constitutive expression of pSTAT5
We next sought to determine the functional consequences of IL2RG-JAK-STAT mutations in primary T-PLL cells. To this end, we first performed immunofluorescence microscopy on primary T-PLL cases harboring IL2RG, JAK3, or STAT5B mutations to assess total cellular levels and nuclear localization of pSTAT5 protein. As shown in Figure 5A , primary leukemic cells from T-PLL 25 and T-PLL 38 demonstrate increased cytoplasmic and nuclear expression of pSTAT5, indicating a common mechanism of pathogenesis in IL2RG-, JAK-, and STAT5B-mutated T-PLL cases. The observation of elevated cytoplasmic levels of pSTAT5 associated with disease development has previously been reported myeloid leukemias. 46 
Pharmacologic inhibition of STAT5 in primary T-PLL cells results in cell death
To specifically target the JAK-STAT pathway in T-PLL, we selected STAT5 as a rational candidate based on the novelty of STAT5B mutations in T-PLL because STAT5B mutations were the most common JAK-STAT pathway alterations observed in T-PLL (47.4% of all JAK-STAT mutations); because of the convergence of IL2RG, JAK1, and JAK3 signaling on STAT5 activation; because of the critical role of STAT5 in cytokine-induced peripheral T-cell proliferation 47 ; and because of the coexistence of JAK1, JAK3, and STAT5B mutations in some T-PLL cases (eg, PLL_index2 in Table 2 ; 1 of 41 JAK-STAT-mutated T-PLL samples, 2.4%), which would render the tumor cells resistant to treatment with either JAK1 or JAK3 kinase inhibitors. Indeed, treatment of mature T-cell leukemiaderived HUT78 cells, which harbor mutations in both JAK1 and JAK3 (supplemental Figure 5) , with the specific JAK3 inhibitor tofacitinib did not result in selective tumor cell killing as compared with JAK-STAT wild-type HH cells ( Figure 5B ). We therefore investigated the ability of a selective STAT5 inhibitor, pimozide, which was previously shown to be active in myeloid leukemia, 48 to mediate specific killing effects on STAT5-activated cells by assessing cell proliferation in pimozide-treated HUT78 cells. In contrast to our observations with the JAK3 inhibitor, treatment with pimozide led to a specific and profound reduction in cell proliferation of HUT78 cells (red lines) as compared with HH cells ( Figure 5B, black lines) . Next, we sought to determine the effect of pimozide-mediated STAT5 inhibition on primary T-PLL cells. Pimozide treatment of cultured primary T-PLL cells resulted in significant and specific reduction of cell proliferation ( Figure 5C ) and viability ( Figure 5D ) with attendant reduction in pSTAT5 levels ( Figure 5E ). The effects of these mutations and of pharmacologic targeting of the IL2RG-JAK1-JAK3-STAT5B pathway with pimozide are diagrammed in Figure 5F . Taken together, these data indicate that pharmacologic inhibition of activated STAT5 results in tumor cell death in IL2RG-JAK-STAT-mutated primary T-PLL tumor cells.
Chronology of acquisition and impact of JAK-STAT mutations on clinical outcome
To address the possibility that mutations in JAK-STAT family members occurred as a result of chemotherapy, we evaluated the clinical records associated with 49 of the 50 patients. The majority of the patient samples were collected prior to institution of therapy (37/49 [75.5%] , compared with 10/49 [20.4%] patients who had received previous therapy; in 2 cases, the chronology of therapy could not be determined unequivocally). No correlation between previous therapy and mutational status was observed (Table 2) . These results may indicate that acquisition of JAK-STAT mutations may contribute to the natural evolution of T-PLL.
We assessed the effect of JAK-STAT mutations on clinical outcomes in our cohort of patients. Survival data were available for 49 patients with median follow-up of 20.3 months (range, 0.6 to 195.1 months; Table 2 ). Although overall survival was not statistically significant, when outcomes in patients with IL2RG-JAK1-JAK3-STAT5B mutations were compared as a group with those without mutations, we observed a trend to shorter time to death in patients specifically harboring JAK3 p.M511I mutations but not other JAK-STAT mutations (supplemental Figure 6) . The median overall survival was 27.1 months (95% confidence interval, 20.0 to 42.3) in all patients, whereas the median overall survival in patients harboring the p.M511I mutation was 15.1 months (95% confidence interval, 3.4 to 94.3 months). BLOOD, 28 AUGUST 2014 x VOLUME 124, NUMBER 9 MUTATIONAL LANDSCAPE OF T-PLL 1469
Discussion
In the present study, we have provided for the first time a comprehensive portrait of the mutational landscape of T-PLL, an aggressive T-cell malignancy refractory to conventional chemotherapy. Our analysis determined that T-PLL genomes were characterized by significant genomic complexity, including known alterations affecting the TCL1A/B or MTCP1 loci juxtaposed to the TRA locus, the ATM locus, and abnormalities of chromosome 8, including isochromosome 8. WGS and WES revealed mutations or alterations in a number of genes, including those known to be important to T-PLL pathogenesis such as ATM as well as others whose role in T-PLL had not been previously reported such as CHEK2, EZH2, and FBW10, suggesting DNA repair, epigenetic transcriptional regulation, and proteasomal degradation pathways may play an unappreciated role in T-PLL. Strikingly, our analysis also uncovered a prominent role for mutational activation of JAK-STAT signaling in T-PLL through stereotyped, highly recurrent, largely mutually exclusive gain-offunction mutations in IL2RG (2.0%), JAK1 (8.0%), JAK3 (30.0%), and STAT5B (36.0%). These mutated residues were found to cluster along the linear axis of each gene and to encode amino acids that cluster in 3-dimensional space in domains critical to regulation of signaling activity (such as the pseudokinase domains of JAK1 and JAK3 and the SH2 domain of STAT5B). Moreover, we demonstrate using primary T-PLL cells that the IL2RG, JAK1, JAK3, and STAT5B mutations lead to constitutive STAT5 signaling that can be abrogated via specific STAT5 inhibition with the small-molecule inhibitor pimozide. Taken together, these findings indicate that deregulated JAK-STAT signaling may provide a strong oncogenic stimulus that contributes to the pathogenesis and evolution of T-PLL.
IL2RG encodes the common g-chain receptor (gc, CD132), a critical regulator of interleukin-2 (IL-2)-induced T-cell signaling and growth but common to many cytokine receptors including IL2R, IL4R, IL7R, IL9R, IL15R, and IL21R. 49, 50 To our knowledge, our study represents the first report of somatic, gain-of-function mutation in IL2RG in any human malignancy. The significance of this finding is not yet clear, because only 1 patient in this series was identified to have a mutated IL2RG gene. Moreover, whereas low-frequency STAT5B mutations have been reported in ,2% of T-large granulocytic leukemias, 45 we report high-frequency STAT5B mutations (18/50; 36.0%), which is a novel finding in T-PLL.
In summary, we present the mutational landscape of a large cohort of 50 primary T-PLL cases representing the first such study combining comprehensive genome-wide analysis. In addition to novel alterations affecting epigenetic regulators (EZH2) and DNA repair/checkpoint proteins (CHEK2), we describe a prominent role for activating mutations affecting IL2RG-JAK1-JAK3-STAT5B. Our finding of mutations in genes of the JAK-STAT signaling pathway has therapeutic relevance for patients with T-PLL. US Food and Drug Administration-approved small-molecule inhibitors targeting aberrantly activated JAK-STAT signaling are available for treatment of other hematopoietic malignancies and have been safely and successfully used in clinical settings. Our data suggest that patients with T-PLL could benefit from inhibitors targeting the JAK-STAT pathway, either alone or in combination with current therapies. Our finding of recurrent alteration in JAK-STAT pathway genes represents a promising opportunity to provide more efficacious and less toxic treatment of patients with T-PLL. 
